The central role of polyribosomes in cytoplasmic protein synthesis has been demonstrated in a wide variety of organisms. In the rat liver system, polysomes, when isolated, are aggregates of 83S ribosomes joined together, at least in part, by material sensitive to ribonuclease and resistant to trypsin and deoxyribonuclease, presumably messenger RNA. Consistent with presently favored hypotheses of the mechanism of polysome function, involving reattachment to messenger RNA of monosomes from a relatively large cytoplasmic pool,1' 2 investigators have observed a high proportion of "free" (70-85S) 
Sharpe and Dohme, respectively) were freshly prepared in water before each procedure. Female Sprague-Dawley rats weighing 200 gm were obtained from the Charles River Breeding Laboratories, Wilmington, Mass. Trypsin, RNase, and DNase were obtained from the Worthington Biochemical Corporation.
Fractionation of liver: Normal, well-fed rats were killed by decapitation and their livers were quickly excised and chilled. All subsequent procedures were carried out at 0-20C. The livers were weighed in medium X (0.15 M sucrose, 0.025 M KCl, 0.008 M MgCl2, 0.1 M Tris buffer, pH 7.4 at 20C), minced for 15 sec, and homogenized in 2 vol of medium X with three quick strokes in a loose-fitting Potter-Elvehjem homogenizer at 400 rpm. Unbroken cells, nuclei, mitochondria, and miscellaneous cell debris were removed by centrifugation at 15,000 g for 4.5 min in a Servall RC-2 centrifuge using a model SS-34 rotor.6 Under these conditions of homogenization, about half the microsomal content of the cells was liberated into the supernatant (as determined by glucose-6-phosphatase assay: see Table 1 ), and all the nuclei in the pellet appeared intact upon microscopic examination.
Isolation of ribosomal material from 15,000 g supernatant: Polysomes were isolated by a modification of the zone centrifugation technique of Wettstein et al. 7 The 15,000 g supernatant was quickly decanted and made 1.3% with respect to DOC. After gentle stirring for 1 min the deep red, opaque mixture was layered over 10 ml of medium X containing 0.5 M sucrose, which had previously been layered over 10 ml of medium X containing 1.0 M sucrose in a 36-ml tube for the Spineo no. 30 rotor. Procedures up to this point usually required [15] [16] [17] [18] [19] [20] min. The material was then centrifuged at 78,500 g average for 8 hr at 0C in a Spinco model L2 preparative ultracentrifuge. The polysome pellet was resuspended in 2 ml of medium X by gentle homogenization (leaving behind the underlying clear glycogen pellet) and subjected to sucrose gradient analysis. Other methods of isolation failed to yield as high a proportion of polysomal particles (>128S).
Temperature elevation during fractionation and centrifugation proved to be the single most important factor contributing to the apparent breakdown of heavy polysomal material.
By direct assay;8 polysomes were found to be essentially free of DOC. The nonferritin protein to RNA ratio was consistently 0.8-1.0, but tended to vary greatly with the quantity of DOC added to the 15,000 g supernatant. Thus, a final DOC concentration of 0.5% gave a nonferritin protein to RNA ratio of 1.7, while a final concentration of 2% gave a ratio of 0.70-0.85.
Isolation of ribosomal material from the 15,000 g pellet: A 15,000 g pellet derived from 7 gm of liver, prepared as described in the preceding section, was taken up in 14 ml of medium X, thoroughly homogenized, and made 2.0% with respect to DOC. After gentle stirring for 1 min the viscous material was subjected to the zone centrifugation described above. The resulting pellet was taken up in 8 ml of medium X and analyzed by sucrose gradient centrifugation. DNase treatment of this pellet produced no change in sucrose gradient oD profiles. As will be shown, nuclei in the 15,000 g pellet were a rich source of free ribosomes and disomes. The latter were probably magnesium-dependent, sedimenting at 128S,9 since they were resistant to ribonuclease treatment.
For the isolation of radioactive free ribosomes, animals were injected with 10 uc C14-orotic acid and the ribosomal material of the 15,000 g pellet was isolated, as described above, 4 hr later.
Sucrose gradients were then run, and the monosome and disome fractions were pooled, diluted with cold medium X lacking sucrose, and resedimented in the Spinco no. 40 rotor by centrifugation at 40,000 rpm for 6 hr. The pellets were washed by resuspension and recentrifugation and submitted once again to sucrose gradient analysis, after which the ribosome fractions were again sedimented as usual and stored at -70'C in pellet form. This procedure obviated the use of ribonuclease in preparing monosomes from polysomes and ensured relative freedom from ferritin.
Isolation of ribosomes from purified nuclei: Free nuclei were isolated according to Maggio et al.,'0 except that centrifugation was carried out for 55 instead of 90 min, to minimize contamination with microsomal material. As demonstrated by phase contrast microscopy and glucose-6-phosphatase assays, the nuclei were intact and essentially free of whole cells, cell debris, or microsomal material. According to DNA estimations done on the homogenate and nuclear pellet, about 4% of total liver nuclei was recovered. Ribosomal material was extracted from these nuclei exactly as described in the preceding section.
Isolation of ferritin and purified RNA: An entire polysome pellet derived from one rat liver was taken up in 2 ml of a solution of 0.5% SDS, 0.01 M Tris, and 0.1 M sucrose. The suspension was incubated at 370C for 4 min, then 1 ml was layered directly over a 25-ml, 15-35% linear sucrose density gradient containing 0.1 M Tris. Centrifugation was carried out for 18 hr at 58,000 g using an SW25 rotor in a Spinco model L ultracentrifuge. The fractions containing ferritin were visually identified, pooled, diluted with 0.01 M Tris, and centrifuged at 105,000 g for 4 hr. The resulting reddish-brown ferritin pellet was dissolved in 2 ml 0.01 M Tris, treated with 30 ,g RNase at 370C for 30 min, and resedimented by a 4-hr centrifugation at 105,000 g.
The ferritin was taken up once again in 0.01 M Tris, dialyzed against water, and subjected to sucrose gradient analysis, whereupon it yielded a single symmetrical peak. Ferritin prepared in this manner was free of RNA according to the estimation procedures cited below. When isolation of RNA was desired, sucrose gradients as described above were monitored for optical density in a continuous-flow Gilford spectrophotometer, and fractions containing RNA were collected in a chilled centrifuge tube, diluted, and sedimented at 105,000 g for 7 hr. The pellets were then taken up in a small amount of 0.5% SDS and extracted with phenol for 15 min at 60C with vigorous shaking. The aqueous layer was removed and made 0.1 M with respect to NaCl and 67% with respect to ethanol, and placed at -150C for 16 The validity of this correction was confirmed by two further experiments. (a) Sucrose gradient analysis of radioactive free ribosomes and disomes, prepared as described in Methods, allowed determination of their specific radioactivity (cpm/OD, Fig. 2 ). Labeled ribosomes and ferritin were then mixed and subjected to gradient centrifugation. The OD profile obtained by applying the ferritin correction was essentially identical to that obtained by correcting for the dilution of specific radioactivity due to ferritin. (b) Direct RNA analysis on each fraction20 yielded gradient profiles identical to those obtained by applying the ferritin correction.
When the ferritin correction is applied to the absorption of isolated polysomes and of a 15,000 g supernatant fraction, a striking change occurred: the OD peak in the 83S region was virtually eliminated (Fig. 3) .
Intracellular distribution of ribosomes: The apparent paucity of free ribosomes in the 15,000 g supernatant fraction is by no means proof that a large cytoplasmic "pool" of nonpolysomal monosomes does not exist, since a surprisingly small fraction (6-8%) of total liver RNA is monitored in our polysomal sucrose gradients. It was pointed out in the Methods section that 30-45 per cent of ribosomal material put on our gradients sediments to the bottom of the tube during centrifugation. Further, as seen in Figure 4 , a large proportion (59%) of RNA is found in the 15,000 g pellet, of which about one third is ribosomal. Thus, about 31 per cent (11 plus 20) of total liver RNA can be accounted for as ribosomal.
It has already been emphasized that polysomal material isolated from the 15,000 g supernatant fraction contains very few monosomes (Figs. 3 and 4) . Centrifugation of this fraction at 78,000 g for longer periods, up to 12 Variation of the DOC concentration used for isolating polysomes, or direct treatment of polysome pellets with DOC, did not alter subsequent OD profiles, suggesting that DOC itself does not degrade or somehow provide for selection against free ribosomes during isolation procedures.
Treatment with trypsin of heavy polysomes, or of the pellet from polysome gradients, did not release monosomes, as shown in Figure 5 . This suggests that free monosomes were not being randomly carried along with polysomes during centrifugation by virtue of attachment to nascent chains, membrane, or other trypsinsensitive structures.
The experiment shown in Figure 6 further rules out loss of monosomes due to compartmentalization or breakdown during isolation. A known, small quantity of radioactive ribosomes (see Methods) was added to the homogenization medium before mincing of the liver at the beginning of the isolation procedure, and recovery of radioactive material was monitored throughout. The added ribosomes appeared almost entirely in the 78,000 g pellet material of the 15,000 g supernatant; and although only 7 Isolation of intact nuclei and extraction of their ribosomal material yielded 83-128S ribosomes in quantities similar to those found in a total 15,000 g pellet derived from the same quantity of liver (Fig. 7 ). This figure also shows nuclei to be essentially free of polysomal material.
It is of further interest to note that these 83-128S particles are more rapidly labeled in vivo than are the polysomes, as is shown in Figure 8 . This finding is consistent with observations suggesting a nuclear origin of ribosomes '6, 17 and also with the interpretation that 15,000 g pellet 83-128S particles are primarily nuclear in origin.
Discussion.-A ferritin correction similar to that described here has recently been published by Jackson et al. 18 We present our correction because of its fundamental importance to the conclusions of this paper and to the general study of liver polysomes.
A possible source of error in correcting for ferritin might be the presence of residual, 320 mjA-absorbiIng proteins (microsome-associated cytochrome b5, catalase, and cytochrome p45019) that do not absorb to the same degree as ferritin at 260 mju. Since such proteins do not appear in other gradient fractions (there being no 320-my absorption), it is unlikely that they are present in the ferritin-containing fractions.
In gradients of the 15,000 g supernatant fractions, however, 320-mM absorption in nonferritin fractions is quite high. Thus, correction of such gradients is more difficult, but can be done as in Figure 3 .
Perhaps the most important conclusion of this paper is that the proportion of single monosomes to polysomes in normal liver cytoplasm is very small. The only substantial @. The significance of the occurrence of about one half 
